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Abstract-The paper investigated a new method that can 
be used to develop a 3D customized compression garment 
model for athlete. The developed system is able to design 
the compression garment based on the athlete body data, 
type of fabric and pressure for their top performance. The 
outcome of the research is a system that not only can 
design a customized compression garment, but also 
flexible enough to be used to create a variety of 
compression garment that can exert different pressure. 
I. INTRODUCTION 
Acompression garment is a garment that is used to enhance the performance of athlete, to prevent injury and to 
improve their recovery process. It works by enhancing 
lactate removal, reducing muscle oscillation and positively 
influencing psychological factors. Many journal papers have 
discussed their effectiveness on performance (i.e. [1]-[4]), on 
injury recovery (i.e. [4]-[7]) and on injury prevention. 
Most of the compression garments used by athletes were 
made by commercial manufacturers which using mass 
production method. The drawback of the compression 
garment developed by this method is the level of pressure that 
the compression garment applies on the body is sometimes too 
high or too low because it was made based on common size. 
The problem can affect the performance of the garment and 
consequently to the athlete. In order to overcome the problem, 
this research explores a new method that can design a 
customized compression garment pattern using body scanner. 
Literature survey reveals that there are rapid technological 
progresses in ordinary customized garment manufacturing 
area. The introduction of many new technologies, such as 
body scanning, 3D garment model and pattern generation, has 
benefits the area to develop further. The similar progress is 
also seen in the customized pressure garment development, 
for example the work of [8]-[12]. However, the same cannot 
be said to the compression garment manufacturing. Almost all 
of the researches done in the area are focusing on the effect of 
wearing the compression garment. Reference [13] proposed a 
method to generate a pattern for compression garment using 
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3D data. Reference [14] use body size information obtained 
from body scanner to design compression garment. 
II. METHODOLOGY 
In order to develop a system to design a customized 
compression garment, three important steps have been 
identified. The first step is to acquire body shape and size. 
This step is important as it will provide the exact measurement 
of the body for compression garment construction. The 
second step is to investigate a mathematical model to calculate 
the size of compression garment. The model must take into 
consideration every important parameter that will determine 
level of pressure that it will exert for every level of the body. 
Then, the last stage is to develop a computerized system to 
design the compressive garment based on the mathematical 
model and verify the system. 
A. Body data acquisition 
Size and shape measurements for the human body are an 
important source of information and affect design decisions. 
Thus, since ancient times, humans have shown a great interest 
in the study of their body. The applications of the 3D body 
model are limitless, especially in medical fields, human 
system engineering, comparative morphology, virtual reality 
and communications [15]. 
For this research, [TC]2 NXI2, a 3D horizontal type body 
scanner is used to extract 3D (x, y, z coordinates) raw data of 
the subject's body. The body scanner scans the object in layers 
in the horizontal plane. The x and y coordinates, z being the 
vertical axis, of a number of points are recorded to determine 
the boundary of each 'layer', which is then incremented by 1 
cm until the whole object is completely scanned. The 
coordinates of the data can be obtained by converting the 
(.wrl) files into text files (.txt). The data are then exported to 
Matlab, and the 3D data are transformed to create 3D point 
cloud to form 3D human body model. 
B. Model development 
The flowchart of developing a 3D pressure garment model is 
shown in Figure l. 
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Fig. 1. 3D compression garment creation proposal 
First, the radius and centroid of each layer are determined 
from the 3D wounded data. By combining the radius with the 
fabric's modulus of elasticity and the pressure to be exerted, a 
reduction factor for each layer was obtained. Reduction factor 
is the factor that is needed by which to reduce the original 
body measurement. It is usually expressed in percentage terms 
and used to ensure that pressure is applied to the targeted area. 
Then, by joining together the reduction factor and the centroid 
of each layer and also the 3D body data, a 3D compression 
garment model is developed. Since the garment model is 
based on measured body shape, radius of curvature, the elastic 
modulus of the fabric used to create the compression garment 
and the pressure required to be applied, it leads to an accurate 
calculation of the reduction factor at each layer, which in turn 
results in an accurate pressure garment. 
1) Centroid: The centroid is the point at the centre of any 
shape, sometimes called the centre of area or the centre of 
volume. The coordinates of the centroid (G) are the average of 
the coordinates of all the points of the shape, and its formula is 
shown in (1) below. 
n n n 
LX, LYi LZi 
Gj 
,=1 ,=] i=] 
(1) ----, 
n n n 
X,, Y" Zi is the coordinate of point i at layer-j. The centroid 
will become the 3D pressure garment's reference point. 
2) Radius of curvature, p: The radius of curvature of a 
curve at a point is actually the radius of the osculating circle at 
that point. However, in compressive garment research the 
radius is always calculated by dividing the circumferences of 
the body by 2n (pi), i.e. by determining the radius of a nominal 
circle that has the same circumference as the measured body 
part. This is a very common practice because it is difficult to 
determine the suitable radius of curvature for each layer to be 
used. The radius of curvature for each point on the 
circumference of the cross section is different depending on its 
location. Its value ranges from very low to almost infinity in 
certain cases. 
The circumferences of the body, C , were calculated by 
adding up all the distances between two consecutive points in 
each layer. This can be easily done since the body scanner that 
this research used is a horizontal type, which means each layer 
will have the same z-coordinate. If PI (Xpypz]) to Pn 
(xn' Y n' Z n) indicate the points' number and coordinates in 
one layer, the circumference for the layer j is given by the 
following (2): 
C) = t �(x, - Xi_])2 + (y, - Yi_])2 (2) 
,=1 
However, this is only an approximation. The calculated 
circumference always underestimates the distances between 
two points. It is because (2) considered distances between the 
two points as straight line, but the fact is the line is a curvature. 
So the calculated circumference is smaller than the actual 
circumference. The higher the number of points used, the 
higher the accuracy of calculation. Radius of curvature p is 




3) Pressure to be exerted, P: It is difficult to determine 
which level of pressure is optimum for athlete performance 
and even researchers differ among themselves on the matter. 
Typically, the compressive force is greatest at the ankle and 
diminishes over the length of the garment to a minimum at the 
top. 
4) Fabric's modulus of elasticity, E: The modulus of 
elasticity can be determined from the load-elongation curve of 
the fabric used for making the compression garment. 
5) Reduction factor: Reduction factor for layer i can be 







C. 3D compression garment model 
By combining the part data, the reduction factors and the 
centroids together, a 3D pressure garment model can be 
developed. By referring to Figure 2, if we assume that Gj is the 
centroid of a layer with coordinate of (xG ,Y G , Z G ) and A is 
one of a series of points that define the circumference of the 
layer. If reduction factor for the layer is Re, then the location 
of A' (x,', y,', z;) which determines the circumference of the 
pressure garment by using a reduction factor Re can be 
determined by using the following (5), (6) and (7). 
X;'= xG +GA'cos8 







J x, -xG 
GA'= (1- Re)GA 
GA'= (1- Re)�(x, -XG) 2 + (y, -YG) 2 
YG 
Fig. 2. 3D compression garment points coordinates 
(7) 
By plotting x,', y,', points along circumference of the pressure 
garment at the layer can be obtained. By repeating this process 
at other layers of concern, a 3D image of the compression 
garment can be achieved. 
III. EXPERIMENT 
An experiment was conducted to validate the developed 
compressive garment model. Since the research is in the early 
stage, a computer simulation model will be developed to 
validate the system. In the validation process, a 3D cylinder 
model with diameter of 20 cm and height of 40 cm was 
generated. The exerted pressures for the compressive garment 
is fixed at maximum of 5000 Pa at the bottom and gradually 
decrease till minimum of 3000 Pa at the top of the cylinder 
(refer Figure 3). This means, pressure will be less 50 Pa for 
every cm increases in height. A fabric with moduli of elasticity 
of 504 N/cm was assumed to be used for the compressive 
garment. By comparing the result of reduction factors between 
mathematical model and the 3D compressive garment model, 
verification can be made. Reduction factors for the 3D 
garment were calculated by finding the ratio between the 
circumferences of the 3D compressive garment and the 3D 
cylinder. 
IV. RESULT 
The developed 3D compression garment is shown in Figure 
4. Result of the comparison of reduction factors between the 

















3 000 Pa 
5000 Pa 
















Pressure Re from Co (cm) 
exerted formula 
(Pa) (4) 
5000 0.4980 62.77 
4750 0.4852 62.77 
4500 0.4717 62.77 
4250 0.4575 62.77 
4000 0.4425 62.77 
3750 0.4266 62.77 
3500 0.4098 62.77 
3250 0.3920 62.77 
3000 0.3731 62.77 












Comparison of reductIon factor between formula and programmmg (Co IS 
the circumferences of the cylinder and CI is the circumferences of the 
developed 3D compression garment 
V. DISCUSSION 
The result shows that the proposed system can be used 
successfully to create a compression garment. Even though 
there are some differences, but it is very small, less than 
0.5%. Based on the verification, a 3D compression garment 
for body part is developed. The following Figure 5 shows 
the subjected scan body part which is leg area. Based on the 
data, several 3D compression garments for area between lO 
and 40 cm were constructed based on their pressure to be 
exerted (Figure 6). 































Fig. 6. 3D compression garment (a) pressure at 10 cm = SOOO Pa, 40 cm = 
o Pa, (b) pressure at 10 cm = 3000 Pa, 40 cm = 0 Pa, ( c) pressure at 10 cm 
= SOOO Pa, 40 cm = 3000 Pa, and (d) pressure at 10 cm = 3000 Pa, 40 cm = 
3000 Pa 
The developed 3D compression garment can be used to 
generate pattern for manufacturing process. 
VI. CONCLUSION 
This research proposes the use of a body scanner to create 
the 3D compression garment model. The objective of this 
research is to design the compression garment using the 3D 
body data obtained through body scanner. This research has 
succeeded in designing the model and a 3D compression 
garment model was developed based on a reduction factor 
calculated at each of the body layers. 
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